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Before we begin...

1 Presentation

BEmailed to all attendees within 24 hours
BPosted to

1 Questions
BSubmit via Chat Feature
BAnswered via emall

+ Continuing Education Units (CEU)
BUpon request
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http://www.gulfcoastcleanenergy.org/

Topics Covered

1. Background

2. CHP Overview

3. Absorption Chiller & Steam Turbine
driven Chiller dBasics

4. Cooling only CHP

1 Actual Building Analysis

 CHP & Thermal Energy Storage
1 Installations
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Background
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Eight U.S. DOE Clean Energy Application Centers

DOE Clean Energy Application Center Locations, Contacts, and Web Sites

PACIFIC

www.chpcenterpr.org

Tim Lipman

Univ. of CA, Berkeley
Tel: 510-642-4501
telipman@berkeley.edu

Vince McDonell

Univ. of CA, Irvine

Tel: 949-824-7302x121
medonell@apep.uci.edu

NORTHWEST

www.chpcenternw.org

Dave Sjoding
WSU Extension Energy Pgm
Tel: 360-956-2004

sjodingd@energy.wsu.edu

INTERMOUNTAIN

www.intermountainchp.org

Patti Case
etc Group

Tel: B01-278-1927 x 3

plcase@etcgrp.com

Thomas Broderick

Southwest Energy Efficiency Project
Tel: 928-527-8036
tbroderick@swenergy.org

DOE Clean Energy
Application Center
Program Contacts

U.S. DEPARTMENT OF ENERGY

Dan Bulleck

GULF COAST

www.gulfcoastchp.org

Houston Advanced
Research Center
Tel: 281-364 6087

MIDWEST

John Cuttica
Uniy

Tel: 312

rsity of Il Tom

Tel:

NORTHEAST
www.northeastchp.org

Bourgeois

Pace Energy and Climate Center

914-422-4013

tbourgeois@law.pace.edu

Beka Kosanovic
University of Massachusetts Amherst

Tel:

413-545-0684

kosanovi@ecs .umass.edu

MID-ATLANTIC

www.chp

Jim Freihaut

enterma.org

Pennsylvania State University

Tel: B14-863

-0083

jfreihaut@engr.psu.edu

SOUTHEAST

www.ch pcenl:e rse.org

Keith McAllister

MNorth Carolina State University

Tel: 919-515-3933

Pedro Mago

dbullock{@harc.edu

Ted Bronson

DOE Clean Energy Application Center Coordinator
Power Equipment Associates

Phone: 630-248-8778

E-mail: tlbronsonpea@aol.com

Gulf Coast Clean Energy Application Center

Bob Gemmer

Industrial Technologies Program ([TP)

Office of Energy Efficiency and Renewable Energy
U.S. Department of Energy

Phone: 202-586-5885

E-mail: Bob.Gemmer@ee.doe.gov

keith_mecallister @ncsu.edu

Mississippi State University
Tel: 662-325-6602
mago(@me.msstate.edu

Patti Garland

Distributed Energy/

CHP Program Manager

Oak Ridge National Laboratory
Phone: 202-586-3753

E-mail: Patricia Garland@ee.doe.gov




Primary Activities - Gulf Coast Application Center

Promote CHP, Waste Heat Recovery & District Energy through

B Education & Outreach

1 Website

1 Newsletters
1 Webinars

1 Workshops

B Policy Initiatives
1 Educate legislators
1 Comment on dockets/rulings
1 Support TXCHPI ( active CHP industry advocates in the region )

B Project Support
i Free or low cost CHP feasibility studies
Case Studies/Project profiles
Answer technical questions
Connect end - users to equipment manufacturers
Facilitate tours to CHP installations for prospective adopters
Manufacturer neutral and unbiased service
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CHP - Brief Overview
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CHP is a type of
DISTRIBUTED GENERATION that . . ..

} IS located in close proximity to the energy consumer
d building, campus or industrial

yprovides at | east a portion
load

} captures thermal energy for use in:

B Cooling

B Dehumidification

B Water and space heating
B Process heat
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CHP: Basic Components

Recip. Engine

Fuel Cell
ANatural gas

A andfill gas
Migester gas

Fuel input Turbine

Heat
Recovery
Steam
Generator

Electricity
Generator

‘ Electricity

Steam
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Steam Needs

Hot Water Needs

Steam Driven /
Absorption Chiller




CHP “Best User” Profile

1 Coincident electrical and thermal loads
1 Continuous operation (24 hr x 365 days)
. Low seasonal variation in loads

1 High power reliability needs
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Why talk about Cooling only CHP?

1+ Industrial Sector

B Significant adoption of CHP due to process heat/steam
loads ( ~17 GW)

; Commercial Buildings
B Limited Adoption (except in hospitals & universities)
B Absence of year round heat loads
B Significant chiller loads in summer
B Diurnal & Seasonal variations

1 Barriers & Questions
B Negative perception of absorption chillers

B How does one maximize efficiency and use the waste heat
to its fullest potential?

B Can it compete economically with power purchased from
the utility?
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What has changed?

»  Natural Gas
B Significant reserves discovered during the last decade
B Low price (~avg $4.5/MMBtu & January 2011)
B Distributed generation  d can compete against utility

1 Advances in technology

B Automatic de - crystallization

B Efficiencies up to 1.43 COP

B Chilled water production as low as 32 deg F

B Exhaust gas direct fired models available d no heat exchanger required

B Chiller heat pumps available & simultaneous production of hot water and chill water

B Remote monitoring of chiller

B Several successful installations across the country/world 0 IBM datacenter, BP Helios plaza

} Increased interest amongst legislators & citizens with regards to
B energy efficiency,
B clean energy,
B energy independence & security

1 Incentives available to the Large C&l Standard Offer Programs d CenterPoint,
Oncor,
B Methodist Hospital - ~$400,000
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Absorption & Steam Chiller -
Basics
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Thermally Activated Chillers

1+ Absorption Chillers
B Single, double & triple effect
B Can accept exhaust gas, hot water or steam
B Available ranges: 10 tons 3 3,000 tons
B Usually requires more space
BNo CFCOs or &uSuBICIG sBret c
BCOP®68.75t01.4

1 Steam turbine driven Chillers
B Steam used to drive the compressor instead of electricity
B Available ranges: ~300 tons 8 5,000 tons
BVery good part load performance
B Space requirement 0 comparable to electric chillers
BCOP ®%.8
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Absorption Chiller Principle

Generator
Water vapor
separates from LiBr
due to heat

Condenser
Water vapor converts
to high pressure
water

Expansion valve

High pressure water
converts to low

pressure water

Mixed
solution
pumped

Evaporator
Low pressure water evaporates
by taking heat from
surroundings producing
cooling effect

Absorber
LiBr absorbs Water
vapor

Chilled water Chilled water
return supply

U.S. DEPARTMENT OF ENERGY

_ Gulf Coast Clean Energy Application Center




Rules of thumb - Absorption Chillers

Single-Effect| Double-Effect
COP 0.75 1.4
Heat Source
Minimum Temperature, of 180 350
Hot Water Flow Rate, Ibs/h per RT 1,000 400
Steam Flow Rate, Ibs/h perRT 18 10-11
Steam Pressure, psig 15 115-125
Integration w/ Waste Heat from:
Reciprocating engines, RT/kW0.22 - 0.28 0.3-0.4
Combustion turbines, RT/kW 0.28 - 0.33 0.4-0.5
Microturbines, RT/kW 0.33 - 0.45 0.2
Installed Cost ($/RT)
100 RT 1000 1200
500 RT 700 900
1,000 RT 650 850
2,000 RT 500 700
O&M Costs ($/RT/yr)
100 RT 30 30
500 RT- 2,000 RT 16-28 17-25
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Analysis of Cooling Only CHP -
Actual Building
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Office Building - Cooling only CHP

}
}
}
}

<

1.3 Million square feet Office Building

Located in downtown Houston

Operation o Monday thru Friday 7 AM 0 7 PM
HVAC Systems

BLighting Power Density o 1 W/ sf
BCentrifugal Chillers

BVariable Air Volume Systems

Rates

BElectricity : $0.068/kWh & $8.3/kW

BGas : $6.00 /MMBtu
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Methodology

1 Used DOE 2.1 - Building Energy Analyzer Pro
+ Obtained hourly
Belectric,
Bchilled water,
Bdomestic hot water
Bspace heating loads
; Calibrated Model using Actual Utility Bills
+ Analyzed different CHP configurations
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Hourly Electricity Profile (kW)
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Electric & Thermal Loads

1 Weekday
BPeak Electric demand
15,584 kW
BPeak Cooling Load
13,228 tons

1 Night/ Weekend
BElectric demand
11,093 kW
BCooling Load
1 800 tons

1 Weekday
BPeak Electric demand
14,700 kW
BPeak Cooling Load
12,395 tons

1 Night/ Weekend
BElectric demand

11 845 kW
BCooling Load

191 138 tons

21



CHP Analysis Matrix: 112 Combinations

Thermal E nergy
Storage (ton - hrs)
A0

200
400 A 3,000
500 A 6,000
A 9,000
800
A 12,000
1,000 A 15.000
1,200 A 18,000
1,400 A 21,000

€<
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Building Loads -Grid vs CHP

Served by Grid

ELECTRIC LOAD:

Served By CHP
Served by CHP

Cooling Load:
Served by CHP

} Served by Grid
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Definitions
Grid Efficiency = 31 %

CHP Efficiency = (Electricity Generated + Electricity avoided due to
Absorption Chillers )/
Fuel Input

Building Efficiency = Load Catered by Grid (%) * Grid Efficiency +
Load Catered by CHP (%) * CHP Efficiency

<
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Building Efficiency vs. CHP system size
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Impacts of Sample Configurations

CHP Plant caters to 55% of the
Bui |l di ngos

CHP Plant caters to 77% of
El ec@ the Buil dingos
Consumption

_ 1 CHP Configuration B

Consumption
;  CHP Configuration A

B 1.3 MW Engine

B 400 ton Absorption
Chiller

Impacts

B Building Efficiency: 41%
B Efficiency Increase: 31%
B Annual Savings: $406,136

B CO, reduction: 5,070
tons

B2 MW Engine

B 600 ton Absorption
Chiller & 9,000 ton - hrs
TES

Impacts

B Building Efficiency: 44%
B Efficiency Increase: 43%
B Annual Savings:$528,097

B CO, reduction: 8,114
tons
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CHP & other EEM’S

Baseline Electricity Consumption

20,426,466
(KWh) e
Reduction in  Increase in
Electricity Building Annual Simple
Consumption  Efficiency Savings ($) Payback
(kwh) (%)

Lighting - 30%
reduction in Lighting 980,470 11% $67,144 ~ 4 years
Power Density
Chillers - 30% more
Efficient Chillers
CHP Config A - 400 ton
Absorption Chiller

CHP Config B - 600 ton
Absorption Chiller & 3,695,988 43% $528,097 ~ 10 years
9,000 ton - hr tank

1,838,382 20% $125,896 ~ 12 years

2,433,146 31% $406,136 ~ 6 years
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CHP & TES

1 TES
BShifts cooling demand from on - peak to off - peak
BCan be partial shift or full shift

BTanks charged at night by chillers & discharge chill
water during peal periods

1 CHP

BPrefers to be base loaded

BNeeds a constant source of thermal load to
maximize efficiency and minimize wasted heat

<
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mmm Existing Electric Load (kW

e Served by CHF

6,000

5,000

4,000

3,000

2,000

1,000

123456 7 8 9101112131415161718192021222324

B Electric Chillers (tons)

TES discharge(tons
B Absorption Chiller (tons)

1 3 5 7 9 11131517 192123
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Chiller Profile

= Elec Chiller Non Charging
B TES Tonnage
® Abs Chiller UsetNon Charging
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Analysis Summary

System Efficiencies range: 36% - 48%
Energy Efficiency Increase: 16% - 55%
Simple Paybacks: 5 0 14 years

TES contributes to EE increase: Waste heat
utilization during off - peak

—_ md d d

1 CHP is technically and economically viable in
Office Applications

1 Significant environmental impacts due to
oenergy recyclingho
1 Detailed Report:
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http://www.gulfcoastcleanenergy.org/Portals/24/Project/Office - CHP Screening Analysis.pdf

1 ~ 600 million square feet 0 Office Space in
Austin, Houston, Dallas & San Antonio

; Potential CHP installed capacity: 1.2 GW
BDemand Reduction(Cooling Only): 446 MW
BElectricity Use reduction(Cooling Only): 1,824 GWh

1 Reduction in Emissions
BNO, : 4,813 tons / year
BCO, : 3.7 million tons/ year
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